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(54) Ultra-fine microfabrication method using an energy beam 



(57) An uttra-fine microfabrication method using an 
energy beam is based on the use of shielding provided 
by nanometer or micronmeter sized micro-particles to 
produce a variety of three-dimensional fine-structures 
which have not been possible to produce by the tradi- 
tional photolithographic technique which is basically 
designed to produce two-dimensional structures. When 
the basic technique of radiation of energy beam and 
shielding is combined with a shield positioning tech- 



nique using magnetic, electrical field or laser beam, with 
or without the additional chemical effects provided by 
reactive gas particles beams or solutions, fine-struc- 
tures of very high aspect ratios can be produced with 
precision. Applications of devices having the fine-struc- 
ture produced by the method include wavelength shift- 
ing in optical communications, quantum effect devices 
and intensive laser devices. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates in general to a 
method of fabricating materials, and relates in particular 
to a method of ultra-fine microfabrication using an 
energy beam to fabricate next generation VLSI devices, 
ultra-line structures, quantum effect devices and micro- 
machined devices, and relates also to evaluating the 
fabrication properties of the energy beam using the 
method. 

Description of the Related Art: 

Photolithography and photomasWng to generate a 
device pattern on a substrate base have been an essen- 
tial part in fabrication of semiconductor devices. Photo- 
lithographic device fabrication process is based on 
photoetching those regions of the substrate base, which 
are not to be etched, with a photoresist mask, and etch- 
ing the base material away from those regions which 
are not protected by the photoresist mask, thereby pro- 
ducing on the fabrication surface ditches whose depths 
are dependent on the duration of etching. 

FIG. 1 5A-15E illustrate the processing steps (step 1 
through to step 5, respectively) involved in the conven- 
tional technique based on the use of photoresist mask- 
ing. In step 1, the surface of a substrate base 1 is 
coated with a photoresist material 2. In step 2, ultravio- 
let light 4 is radiated on the photoresist material 2 
through the photomask 3 placed on top of the coated 
base 1, thereby transferring the device patterns 3a 
formed on a photomask 3 to the photoresist material 2. 
In step 3, the exposed photoresist material 2 by the pho- 
tomask 3 is removed in a photographic development 
process to leave behind only the unexposed regions of 
the photoresist material on the base 1 . In the following 
step 4, unisotropical etching is carried out to remove the 
base material from the fabrication surface by using ions 
or radicals in a plasma etching process on those bare 
regions of the base 1 not protected by the photoresist 
material 2. In the final step 5, the photoresist material 2 
is removed. These five steps are essential in the con- 
ventional technique to duplicate the ditch pattern 3c of 
the photomask 3 by using photolithography to form the 
ultra-fine ditches 1c on the surface of the base 1 . In gen- 
eral, rt is necessary to repeat those basic five steps a 
number of times to form ditches of different depths on 
the base 1 before an operative semiconductor device 
can be produced. 

Therefore, throughout the process of conventional 
microfabrication presented above, various photomasks 
3 having different complex photoresist patterns 3a are 
absolutely essential, and furthermore, lines or holes in 
the range of 1 jim or less are required on the photo- 
masks, special equipment and effort are required, and 



both capital and labor expenses associated with the 
technique are rather high. Even with the best of equip- 
ment, the technique is basically not adaptable to micro- 
fabrication in the range of nanometers. Also, for the 

5 technique to be practical, photoresist material 2 must 
respond to ultraviolet light or electron beam, thereby 
limiting the choice of photoresist material which can be 
used. Further, the use of the technique is not allowed 
when there is a danger of the photoresist material 

70 becoming a contaminant. Further, the success of photo- 
lithography is predicated on precise flatness of the sur- 
face of the substrate base so that the entire fabri.' t^n 
surface lies on a flat plane, to enable uniform fabri:. ;«:-on 
of the entire surface of the substrate base. When the 

75 fabrication surface lacks flatness or smoothness, it is 
not possible to produce a photoresist film of high uni- 
formity and to produce a precise exposure over the 
entire surface. 

Further, in using the conventional plasma etching 

20 process to produce patterns of less than 1jim in size, 
because of the collision among the gas particles and 
charge accumulation on the resist material, too many of 
the charged particles are deviated from linearity, and 
strike the surface at some nonrperpendicular angles to 

25 the surface. Under such conditions, it is difficult to pro- 
duce deep vertical ditches having a high aspect ratio (a 
ratio of depth to width), and furthermore, it is nearly 
impossible to manufacture three-dimensional structural 
patterns having width of less than 1 urn. 

30 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
method of energy beam-assisted ultra-fine microfabri- 

35 cation to enable fabrication of fine-structures in a 
nanometer range by dispersing micro-particles as beam 
shielding means on a fabrication surface of a target 
object, and radiating the surface with an energy beam to 
produce the fine-structures. The dispersion patterns of 

40 the micro-particles can be controlled as necessary by 
applying a magnetic or electric field or a laser beam. To 
produce uniformly etched fine-structures or fine-struc- 
tures having high aspect ratios, the etching process by 
energy beam radiation is followed by etching with chern- 

45 ically reactive gaseous particles or in a chemical solu- 
tion. The method enables the production of ultra-fine 
structures which are dimensionally precise and have a 
high aspect ratio. 

Another object of the present invention is to provide 

so a method of evaluating the fabrication properties of an 
energy beam for use in microfabrication, such as fabri- 
cating speed, area, depth as well as unisotropical etch- 
ing properties and other fabrication parameters such as 
the condition of the surface produced by the energy 

55 beam. 

The first object is achieved in a method comprising 
the steps of: dispersing and positioning micro-particles 
having one of a range of particle sizes of 1-10 nm, 10- 
100 nm and 100 nm to 10 urn, for shielding regions of a 
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fabrication surface of a target object from exposure to 
an energy beam; radiating the energy beam on the fab- 
rication surface so as to produce a fine-structure by an 
etching action of the energy beam on those regions of 
the fabrication surface which are not shielded. 

An aspect of the method is that while the energy 
beam is fabricating the fabrication surface in the depth 
direction, the shielding member is also etched away to 
produce a cone-shaped fine-structure. To enable the 
microfabrication method, dispersion of the micro-parti- 
cles can be performed in one of two ways: dripping a 
solution containing the micro-particles onto the fabrica- 
tion surface and dry the micro-particles on the surface; 
or immersing the target object in the solution and drying 
the micro-particles on the surface. 

Another aspect of the method is that positioning of 
the shielding members is performed with the use of a 
laser beam or a magnetic/electric field on the micro-par- 
ticles, and the energy beam-fabricated object is further 
processed with a reactive gas. under thermal control of 
the fabrication surface, to produce an isotropically 
etched fine-structure. 

The method as summarized above, based on 
shielding provided by nano-size or micron-size particles 
and etching with energy beam, enables to produce fine- 
structures which were not possible within the scope of 
the conventional fabrication method based on photolith- 
ographic technique. 

Another object of providing an evaluation method of 
an energy beam is achieved in a method comprising the 
steps of: attaching micro-particles having a specific 
range of particle sizes on a fabrication surface of a tar- 
get object; radiating the energy beam on the fabrication 
surface for a specific time interval for producing the fine- 
structure; and analyzing structural features of the fine- 
structure. 

When evaluating the fabrication properties of an 
energy beam, the size of the fine pattern is an important 
parameter. In the method of the present invention, the 
fine patterns are produced by placing and attaching 
micro-particles in any desired patterns on the test sur- 
lace without being restricted by the availability of pre- 
fabricated patterns. Therefore, fine patterns of a wide 
range of sizes can be used with various energy beams 
to evaluate the fabricated depth and shapes by observ- 
ing the fabricated surface with an electron microscope, 
thereby permitting the evaluation of a wide variety of 
energy beams. The method is also applicable to a wide 
variety of qualities of the surface to be fabricated, which 
presented problems in the conventional photolithogra- 
phy technology, because the micro-particles may be 
simply dispersed on and attached in situ to the fabrica- 
tion surface without being restricted by the surface 
roughness or the lack of flatness. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a target object hav- 
ing the micro-particles attached to the fabrication sur- 
5 face. 

FIGS. 2A-2C illustrate the processing steps in a first 
method of microfabrication of the present invention. 

FIGS. 3A-3E illustrate the processing steps in a 
second method of microfabrication of the present inven- 
10 tion. 

FIG. 4 is a perspective view of an example of fabri- 
cation performed by arranging the micro-particles in a 
two-dimensional periodic pattern on the fabrication sur- 
face of a target object, performed according to the 
75 microfabrication method of the present invention. 

FIG. 5 is a perspective view of another example of 
fabrication performed by arranging the micro-particles 
in a two-dimensional periodic pattern on the fabrication 
surface a target object, performed according to the 
20 microfabrication method of the present invention. 

FIG. 6 is a cross-sectional view of an example of 
fabrication of two tip-shaped fine structures produced 
by the microfabrication method, each having a specific 
arrangement of rod-shaped fine structures, on mutually 
25 intersecting planes. 

FIG. 7 is a side view of an example of a cone- 
shaped structure of Si fabricated on a target object 
according to the second microfabrication method of the 
present invention. 
30 FIG. 8 is a perspective view of three-dimensional 
fine-structures fabricated on a plurality of faces of the 
target object, produced according to the microfabrica- 
tion method of the present invention. 

FIG. 9A is an expanded cross sectional view of a 
35 spot on the target surface to illustrate the effect of dis- 
tance from the center C of an energy beam on the depth 
d of etching achieved. 

FIG. 9B is a graph showing a curve P relating the 
distance x from the center C of an energy beam on the 
40 x-axis and the fabrication depth d on the y-axis. 

FIG. 10 is a schematic illustration of an apparatus 
for evaluating the focusing property of a fast atomic 
beam. 

FIGS. 11A-11C are graphs showing the effects of 
45 changing the parameter L in the apparatus shown in 
FIG. 1 0 on the depth d of etching. 

FIGS. 12A-12C are examples of objects produced 
by the microfabrication method by placing the rod- 
shaped shielding members on a periodic pattern. 
so FIGS. 13A and 13B are examples of objects pro- 
duced by placing the photoresist film on a periodic pat- 
tern. 

FIG. 14 is a schematic illustration of an example of 
a target object fabricated by the microfabrication 
55 method by moving the target object. 

FIGS. 15A-15E illustrate the five basic processing 
steps required in the conventional photolithography 
method of microfabrication. 
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PREFERRED EMBODIMENTS OF THE INVENTION 

In the following, preferred embodiments will be 
explained with reference to FIGS. 1 to 14. 

FIG. 1 is a perspective view of the micro-particles 
12 attached to a fabrication surface of a target object 
11. The drawing illustrates a number of particles, 
wherein the size of the particle is ranged at predeter- 
mined size of nm or urn order. The target object may be 
any of semiconductor materials including at least one of 
GaAs. Si, Si0 2 , insulation materials including at least 
one of glass and ceramics and conductive materials 
such as metals. 

A method of dispersing and attaching the micro- 
particles 12 on the fabrication surface of the target 
object 11 is to disperse the micro-particles 12 in a sol- 
vent such as ethanol and the like, stirred with a sur- 
factant to obtain uniform dispersion. The target object 

1 1 can then be immersed in the solution, or the solution 
dripped onto the fabrication surface to cover the fabrica- 
tion surface with the dispersion solution. The solvent is 
removed by evaporation, subsequently, to leave only the 
micro-particles 1 2 in situ which are uniformly distributed 
on the fabrication surface. 

The particle diameter of the micro-particles 12 may 
be in a range of : one of 0.1-10 nm; 10-100 nm; and 100 
nm to 10 nm. Ferrite. zinc, cobalt and diamond particles 
are in the range of 0.1-10 nm range and aluminum, 
graphite, gold and silver particles are in the range of 1 00 
nm to 10 Jim. It is preferable that the micro-particles 12 
be spherical but other shapes are also applicable, in 
which case, the range of particle sizes may be 
expressed in terms of the average diameter or the max- 
imum diameter. It is desirable that the particle size be 
uniform, but this is not an essential requirement. If the 
size distribution is wide, a preferred range of particle 
sizes should be selected. 

FIGS. 2A-2C illustrates the processing steps in the 
first method of ultra-fine microfabrication method using 
an energy beam (shortened to microfabrication method 
hereinbelow). 

As shown in FIG. 2A, micro-particles 12 made of 
materials such as cobalt, zinc and ferrite, having diame- 
ters ranging from 5 nm to 1 nm, are distributed on the 
surface of a target object 1 1 made of GaAs, Si or glass. 
The micro-particles 12, distributed and attached to the 
fabrication surface by one of the two methods presented 
above to shield the fabrication surface from the energy 
beam, are distributed uniformly with a statistical accu- 
racy. 

Next, a fast atomic beam (FAB) 13 as an energy 
beam is radiated at approximately perpendicular to the 
• target object 1 1 along the direction shown by the arrow 
in FIG. 2A. Because the regions protected by the micro- 
particles 12 are shielded from the FAB 13, only those 
regions which are not protected by the micro-particles 

12 are etched by the FAB 13, and the etching process 
proceeds as illustrated in FIG. 2B. 



In this case, etching by the FAB 13 is effected not 
only on the target object 11 but also on the micro-parti- 
cles 12 which gradually become smaller with a continu- 
ing exposure to the radiation. However, the speed of 

5 shrinking of the micro-particles 12 will depend on their 
reactivity with the gas used for the FAB 13. To produce 
a fine-structure having a high aspect ratio, therefore, the 
FAB 13 is chosen to be either a rare gas or a gas having 
a low reactivity with the micro-particles 12 but a high 

io reactivity with the material of the target object 1 1 so that 
shrinking of the micro-particles 12 can be controlled as 
small as possible. The result is that it is possible to leave 
only those shielded areas of the target object 1 1 below 
the micro-particles 12 unetched to produce vertical 

75 walls of the rod-shaped fine-structure. Thus the struc- 
ture remaining on the surface of the target object 1 1 is a 
fine-structure of rod-shaped protrusions whose diame- 
ter ranges between 5 nm to 1 jim. The uniformity of the 
structure is dependent on the uniformity of the particle 

20 size of the micro-particles 12. 

After the radiation processing of the target object 1 1 
with an energy beam has been completed, gaseous 
particles of chlorine or fluorine for example, which are 
reactive with the target object 11, may be introduced 

25 while heating the target object 1 1 with a heater or an 
infrared lamp. Then, isotropical etching can be per- 
formed as illustrated in FIG. 2C. By using such an iso- 
tropical etching process, it is possible to etch both the 
micro-particles 12 and the rod-shaped fine-structure 14 

30 made of the material of the target object 1 1 . Compared 
with the structure 14 shown in FIG. 2B, produced with 
FAB 13 only, it can be seen that the finer rod-shaped 
structure 14a can be produced. The residual micro-par- 
ticles 1 2 which remain after the final etching process are 

35 usually unwanted, and they may be removed from the 
top end of the rod-shaped structure 14a by such mate- 
rial removal process as water-jet cleaning. 

The type of the target object material, which can be 
processed by the energy-beam assisted microfabrica- 

40 tion method, is not restricted particularly, and includes 
semiconductor substrate materials such as at least one 
of GaAs, Si, Si0 2 , insulation materials such as at least 
one of glass and ceramics, as well as metallic materials. 
For micro-particles 12, if ultra-fine particles of particle 

45 size below 0.1 jim is required, at least one of ferrite, 
zinc, cobalt and diamond may be used, or if the particle 
size required is between 0.1 to 10 fim, micro-particles 
12 of at least one of aluminum, graphite, gold and silver 
may be used. The selection of material for micro-parti- 

so cles 1 2 should be made on the basis of its reactivity with 
the etching gas or its sputtering property. 

FIGS. 3A-3E illustrate the processing steps in the 
second method of the microfabrication method. In the 
first embodiment the energy beam used was a fast 

55 atomic beam 13 of a rare gas or a gas which has a high 
reactivity with the base material but a low reactivity with 
the micro-particles to suppress the etching action on the 
micro-particles 12. FIGS. 3A-3E present a slightly differ- 
ent aspect of the microfabrication method. In this case, 
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some allowance is made for the shape change (shrink- 
ing) in the micro-particles, and the target object 21 in 
this case is one of III - V group semiconductor materials, 
such as one of GaAs, AIGaAs, InAs. The fast atomic 
beam (FAB) 23 is gaseous chlorine, and the micro-par- 
tides 22 are nano-particles of diamond of particle size 
between 1 to 50 nm which are reactive with the FAB 23. 

First, as shown in FIG. 3 A, diamond nano-particles 
22 are dispersed on the surface of target object 21 , and 
a FAB 23 of gaseous chlorine is directed as shown by 
the arrow in FIG. 3A. The process of etching proceeds 
on the fabrication surface of the target object 21, as 
illustrated in FIGS. 3B, 3C, but at the same time, the dia- 
mond particles 22 are also etched, albeit at a low 
speed. As the size of the diamond particles shrinks, the 
protective shielding by the diamond particle 22 against 
the FAB 23 is also shrunk. As the fabrication process is 
continued, that portion of the target object 21 which is 
protected by the diamond particle 22 decrease in size to 
produce a fine-tipped structure 24 as illustrated in FIG. 
3D. When the process is continued until the diamond 
particle 22 disappears, the final structure produced is a 
cone-shaped fine-structure 24 as shown in FIG. 3E. As 
an example, a cone-shaped fine-structure 24 produced 
during testing exhibited a respectably high aspect ratio 
consisting of a tip diameter of 10 nm and a height of 
about 250 nm. 

After the completion of the energy beam radiation 
step, further refinement on the tip shape of the fine- 
tipped structure 24 may be carried out by using isotrop- 
ical etching by introducing only gaseous chlorine and 
heating the target object 21 with a heater or an infrared 
lamp. In such a case, a fine-structure 24 having the tip 
dimension of 0.1 to 5.0 nm may be produced. By ther- 
mally assisting the chemical reaction in the post-FAB 
stage, it is possible to smooth out the surface or remove 
damaged surface layers from the surface of the target 
object 21. This approach is particularly effective in the 
production of quantum effect devices. Quantum effect 
refers to a property associated with a fine-structure of a 
bulk material, which is different than the corresponding 
property in the bulk material itself, for example, shifting 
of the wavelength of input light to a shorter wavelength 
or a shift in the electron energy level. Using the quantum 
effect, it is possible to shift the wavelength of the output 
light beam or laser beam emitted from the fine-structure 
to a shorter wavelength compared to the bulk wave- 
length. When a laser beam is passed through the fine- 
structure, the wavelength of the output laser beam from 
the tip shifts to a shorter wavelength compared to the 
input wavelength, thereby increasing the output power 
of the laser emitted from the f ine-structure. 

FIGS. 4 and 5 show examples of fabrication to pro- 
duce fine-structures 30, 40 by arranging the micro-par- 
ticles in a two-dimensional periodic pattern on the 
fabrication surface of target object materials, 31, 41. 
The fine-structure 30 shown in FIG. 4 comprises an 
array of fine columns 34 (viz. rod-shaped structure) on 
the surface of the target object 31 according to a given 



pattern (i.e. maiiix distribution pattern). The fine-struc- 
ture 40 shown in FIG. 5 comprises an array of fine 
cones 44 (viz. rod-shaped structure) on the surface of 
the target object 31 according to a matrix distribution 

5 pattern. The method of fabrication is basically the same 
as those described above, however, the control of the 
distribution ol micro-particles 32 is based on a further 
advancement in the microfabrication method, carried 
out with laser-assisted, electric-field assisted, or mag- 
ic netic-field assisted distribution of micro-particles, to 
control the matrix distribution pattern according to peri- 
odic distribution rather than statistical distribution. The 
effect of laser radiation is to ionize the micro-particles 
32 themselves or ionize the boundaries of the micro- 

75 particles 32 to generate plasma status, therefore, those 
micro-particles 32 which are radiated with a laser beam 
become ionized and charged. By applying an electric 
field on a laser-focused spot, the micro-particles 32 can 
be captured (trapped) and moved to a desired location. 

20 The resulting distribution is the micro-particles 32 dis- 
posed on the target objects 31 , 41 according to a matrix 
distribution pattern as illustrated in FIGS. 4 and 5. 

When using an electric field effect instead of a laser 
beam, an electric field is applied to the trapping elec- 

25 trodes to trap the micro-particles 32 and move them to 
the desired locations to produce a periodic array of fine- 
structures. Further, when using the magnetic field 
effect, it is possible to utilize magnetic micro-particles 
such as ferrrte powders dispersed in a solution, and pro- 

30 duce a matrix distribution pattern along the magnetic 
flux lines of a magnetic field produced by electromag- 
nets or permanent magnets. When the micro-particles 
32 are to be distributed on a scale of nanometers, it is 
possible to utilize a piezo-electric element and apply a 

35 controlled voltage through electrodes or magnetic poles 
to expand or contract the piezo-electric element in a 
nanometer range to produce a desired matrix distribu- 
tion pattern in desired accuracy. 

FIG. 6 is an example of the microfabrication method 

40 applied to a target object 50 having a periodic distribu- 
tion pattern of a line of rod-shaped fine-structures 54 
disposed on each of two mutually intersecting side 
planes 51a, 51b of a target object 51 oriented at some 
angle. The diameter of the fine-structure 54 is between 

45 1 to 20 nm, and the height is between 10 to 500 nm. An 
optical axis passing through each of the two lines of the 
fine-structure 54 merges at an intersection point P, and 
each of the fine-structures 54 functions as a quantum 
effect optical amplifier to the laser beam input from each 

so of the laser generators 55. Such a device having the 
fine-structures 54 can also function as a quantum effect 
laser generator when mirror resonators are placed on 
both sides of the fine-structures 54. In such an optical 
device, the wavelength of the output laser can be shifted 

55 to a shorter wavelength or the device may act as an 
intense power optical oscillator so that an optical pulse 
field of extremely high power may be generated at the 
intersection point P. It will be recognized by those skilled 
in the art that such an intense-power laser beam from 
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such a device would have applications in many scientific 
and technical fields, including irradiation of materials to 
generate light sputtering of atoms, ionization and sev- 
ering of atomic chains, in addition to trapping of micro- 
partides developed in the methods described above. 5 

The fabrication target material 60 shown in FIG. 7 is 
made on a silicon substrate base 61 in accordance with 
the steps presented in the second embodiment 
described above. Because the base material is silicon, 
the energy beam utilized is a fast atomic beam based io 
on gaseous particles from a fluorine group, such as 
SF 6 . Isotropical fabrication is performed in a post-FAB 
processing, by producing a plasma of fluorine-group 
gas particles, and supplying a high concentration of flu- 
orine radicals to the fabrication surface. The cone- is 
shaped Si fine-structures 64 thus produced can be used 
as a cantilever needle point in the atomic field micro- 
scope (AFM) or scanning tunnelling microscope (STM). 
The needle tip is used to examine surface roughness 
configuration of a target object, based on the vertical 20 
movement of the needle tip moving along the surface. 
Because of the sharpness of the needle tip of the fine- 
structure 64, it can make concentration of electric field 
easily and can, therefore, be used as an electron emis- 
sion source in field emission applications. Field emis- 25 
sion is a technique of generating a controlled beam of 
electrons by emitting an electron beam from a micro- 
emitter (such as the needle tip fine-structure illustrated) 
encased in an insulator tube, and regulating the voltage 
on beam-guiding electrodes disposed at a beam exit 30 
port of the insulator tube to control the emission proc- 
ess. This type of electron beams can be used in elec- 
tron beam drawing devices for nanometer range 
drawing. 

FIG. 8 shows an example of a three-dimensional 35 
multi-surfaced element 70 produced by the microfabri- 
cation method. The cone-shaped fine-structures 74 and 
the rod-shaped fine-structures 75 are produced, 
according to the methods described above, on a top 
surface 71a and a side surface 71b, respectively, of a 40 
three-dimensional target object 71. Each of these fine- 
structures 74, 75 exhibits a different quantum effect. 
The cone-shaped fine-structures 74 having resonator 
mirrors 74a, 74b act as optical amplifiers for the laser 
beam L1, and the rod-shaped fine-structures 75 having 45 
resonator mirrors 75a, 75b act as optical amplifiers for 
the laser beam L2, and the fine-structures 74, 75 gener- 
ate laser beams of different wavelengths according to 
the differences in their quantum effects. 

In more detail, the generated laser L1 output so 
through the output mirror 74b and the generated laser 
12 output through the output mirror 75b have different 
5 wavelengths, but each beam is directed to the reflection 
mirror 76, 77 to change the direction of propagation at 
right angles, and is then directed to the front face 71 c of 55 
the target object 71 . The laser beams guided to the front 
face 71c is separated or coupled by the rotation mirror 
78, and is input into a photodetector 79. The rotation 
mirror 78 is an optical mirror having a different wave- 



length selectivity on its front surface than its back sur- 
face so that one wavelength may be filtered or coupled 
to the other wavelength depending on the phase rela- 
tion at the rotation mirror 78, thereby allowing to filter or 
mix the wavelengths of the laser beams L1 and L2. 

The element 70, having the fine-structural features 
presented above, can also be utilized in the field of opti- 
cal communications. In this case, when a data group 
comprised of two different wavelengths is propagated 
through a common bus line or separate bus lines, the 
transmission time is halved compared with the case of 
propagating 16-bit data on a single wavelength. This is 
because the pulse data having two different wave- 
lengths can be transmitted simultaneously through an 
optical fiber as a common bus line. In such an applica- 
tion, the photodetector 79 is provided with wavelength 
selectors for the two wavelengths X1 , X2, each having 8 
data lines for outputting data through preamplifiers and 
parallel signal processors to transmit 8-bit data to mem- 
ories and other peripheral devices. In other words, the 
element 70 is able to simultaneously process 8-bit data 
carried on two wavelengths, thus enabling to transmit 
2x8=1 6 bits of data in half the time. Similarly, by increas- 
ing the number of wavelengths, a multiple integer- 
number of increase in data transmission speed can be 
achieved in the same duration of time. By having a plu- 
rality of elements 70, a large number of groups of infor- 
mation can be transmitted, depending on the number of 
wavelengths chosen, thus realizing a high capacity opti- 
cal data transmission device. 

Instead of the rotation mirror 78, a haff mirror or an 
electrically-controlled polarizing mirror may also be 
used. The photodetector 79 may be replaced with two 
optical sensors tuned to two wavelength XI, 12, and, 
although it would be necessary to match the phases in 
this case, there would be no need for the output selec- 
tion mirror 78. Another possibility is to provide more 
than two rod-shaped or cone-shaped fine structures on 
the element 70 so that many data groups can be trans- 
mitted on many different wavelengths. 

A summary of the overall salient features of the 
energy beam-assisted microfabrication method will be 
reviewed below. 

The method is based on attaching and positioning 
of shielding members, including micro-particles, on the 
surface of a target object, with a range of particle sizes 
ol one of 1-10 nm, 10-100 nm and 100 nm to 10 urn. 
When an energy beam is radiated onto the surface, 
those areas not shielded are fabricated, i.e. etched, 
thereby permitting to produce fine-structures, which are 
of the order of or smaller than that of the shielding mem- 
bers, that cannot be fabricated by the conventional pho- 
tolithography approach. Because the shielding 
members are placed on the surface to be fabricated, 
they are free from the rigid requirements in roughness 
or the flatness of the surface, and permits a three- 
dimensional fine-structures to be fabricated by placing 
the shielding members in any local areas or different 
faces of a target object. In contrast, the conventional 
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photolithography is limited to highly flat, smooth two- 
dimensional surfaces otherwise a photoresist film of a 
quality acceptable for photolithography cannot be pro- 
duced on the surface. By combining the technique of 
unisotropical etching with the superior linearity of some 
energy beam, flexibility in fabrication can be further 
enhanced. By combining the method with the technique 
of positioning of the micro-particles on the surface with 
the use of laser or magnetic/electrical field, it is possible 
to fabricate ultra-fine structures applicable to quantum 
effect devices, electronic and optical devices which are 
important not only in academic studies but in industrial 
products of the future. 

Another feature of the method is that it is able to 
produce a fine-tipped structures on any type of materi- 
als by a judicious combination of energy beams, mate- 
rial for the shielding member and the target material. 
When the etching condition is chosen to be non-selec- 
tive, for example if the energy beam is based on gas 
particles reactive to the shielding member as well as to 
the target material, fine-tipped structure can be pro- 
duced by etching away the shielding member as well as 
the target material so that a cone-shaped structure is 
produced. On the other hand, when the etching condi- 
tion chosen to be selective, for example if the energy 
beam is based on gas particles reactive to the target 
material but not to the shielding member, the shrinking 
of the micro-particles is suppressed, and the rod- 
shaped fine structure having vertical walls can be pro- 
duced. 

Shape control of the fine-structures can be exer- 
cised- in other ways. For example, if heat is applied 
locally to a f ine-structure to thermally control its reaction 
rate, it is possible to isotropically etch the fine-structure. 
After fabricating a target object with an energy beam, a 
reactive particles of a gas. such as chlorine or fluorine 
gas. is introduced while heating the fine-structure with a 
localized heating device so as to etch the fine-structure 
to provide an isotropically etched structure. This 
approach produces etching not only on the micro-parti- 
cles but also on the fine-structure so that, compared 
with the case of fabrication by FAB only, it is possible to 
produce f iner structures having a controlled cross sec- 
tional shapes. 

Further advantage of the method is that an energy 
beam can be chosen from a wide variety of energy 
beams including, one of fast atomic beam, ion or elec- 
tron beam, laser or radiation beam, and atomic or 
molecular beam, depending on the nature of the target 
material and the micro-particles as the shielding mem- 
ber. For example, an electrically neutral fast atomic 
beam is applicable to one of metals, semiconductor and 
insulation materials as well as to many other types of 
materials. Ion beam is particularly effective for metals, 
and electron beam with a reactive gas particle beam is 
useful in effecting fine localized etching of only the area 
radiated by the electron beam. Radiation beam is useful 
when used alone or with a reactive gas particles to pro- 
vide chemically-assisted fabrication based on a mutual 



interaction of the gas with the target material. Atomic or 
molecular beam based on reactive gas particles is use- 
ful to provide a low energy beam fabrication method. 
Next, the method will be presented of evaluating the 

5 fabrication properties of energy beam such as fast 
atomic beam (FAB) for producing the fine-structures by 
radiating through a shielding pattern arranged on a fab- , 
rication surface of a target object. Some of these prop- 
erties are operating parameters such as fabrication 

10 speed, area, and depth as well as properties related to 
the nature of the beam, such as selectivity and shaping 
capabilities. 

FIG. 9A shows the depth of fabrication produced by 
a focused energy beam 13 as a function of the distance 

is x from the center C of the beam 13. FIG. 9B shows a 
curve P relating the depths plotted on the y-axis to the 
position along the distance x plotted on the x-axis. As 
shown in FIGS. 9A. 9B. it is possible to evaluate the per- 
formance of an energy beam by dispersing the micro- 

20 particles 12 on the surface of a target object, radiating 
the surface perpendicularly with a focused beam to fab- 
ricate the surface, and observing the shape and the 
depth d of the fine-structures 14 produced. The results 
are indicative of the distribution of local energies of the 

25 energy beam 1 3. of the depths of fabrication, of the den- 
sity of the energy beam, and are also indicative of fabri- 
cation properties such as selectivity and penetration 
capabilities of the energy beam 13. 

FIG. 10 is a schematic diagram of an apparatus 

so used for evaluating the focusing performance of the 
FAB. The FAB generation device, regarded as an effi- 
cient means of microfabrication, was redesigned in this 
invention. The discharge electrodes and the discharge 
ports were designed so that a plurality of highspeed 

35 particles 25 emitted from a plurality of beam discharge 
ports of the FAB source 18 can be focused at a focal 
point F. The focal point F was chosen so that it- was 
located at a distance L (in mm) below the fabrication 
surface 1 la of the target object 11 which is GaAs, and 

40 the fabrication surface 1 la of the target object 1 1 was 
heated with an infrared lamp 35. In this experiment the 
micro-particles having a particle size of several Jim were 
attached to the surlace 1 1a at a distribution density of 
several particles per 100 \im 2 . 

45 FIGS. 11A-11C are graphs showing the depend- 
ence of the depth of etching d (in urn) on the distance L 
(in mm) from the surface 11a to the focal point F. The 
distance L is positive (+) below the surface, and the hor- 
izontal axis is the same as in FIG. 9B. and represents 

so the distance x (in mm) from the center C of the energy 
beam. The depth measurements were made with an 
electron microscope. FIGS. 11A-11C indicate that the 
depth of etching becomes larger towards the center C of 
the beam (x becomes closer to zero). The results indi- 

55 cate that the energy particle density is higher towards 
the focaJ point F. It follows that when L=0, a deep hole 
can be produced at the center of the beam, and as the 
distance L is increased (by moving the focal point F 
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away from the surface 1 1a), etching becomes shallow 
but occurs over a wide area. 

The salient features of the present invention pre- 
sented to this point will be briefly reviewed at this point. 

The findings demonstrated that etching of lines or s 
spot of a diameter less than 1 \im (which are difficult to 
achieve with the conventional technology) can be 
achieved easily by dispersing and attaching micro-parti- 
cles of a given diameter on the fabrication surface of a 
material and processing with an energy beam. The id 
micro-particles can be produced fairly readily over a 
wide range of particle sizes applicable to the present 
invention, thus a relatively wide range of pattern sizes 
can be produced by the method of the invention. The 
performance characteristics of the energy beam can be is 
evaluated simply and accurately as described above, 
by dispersing and attaching micro-particles and radiat- 
ing the fabrication surface of a material with a suitable 
energy beam, and studying the topography of the 
etched surface by electron microscopy. 20 

Tests have also confirmed that even when the sur- 
fac roughness of the target object is not suitable for the 
conventional photolithographic approach, the method of 
the present invention enables patterns to be produced 
over a much wider range of sizes and depths achievable 25 
by the conventional photolithographic method, thereby 
enabling to evaluate the performance characteristics of 
any energy beam on a wide range of sizes of patterns. 

Energy beam is a general term used to describe a 
variety of energetic beams applicable to the microfabri- 30 
cation method, such as fast atomic beam, ion beam, 
electron beam, laser beam, radiation beam, atomic or 
molecular beam. The characteristics of these various 
beams are briefly summarized below. Fast atomic beam 
is a neutral particle beam and is applicable to all types 35 
of metals, semiconductors or insulators. Ion beam is 
particularly effective for metals. Electron beam is useful 
in localized processing when used in conjunction with 
reactive gasses. Radiation beam is applicable to a vari- 
ety of fabrication requirements when used alone or with 40 
reactive gases to utilize mutual interaction of the gas 
with the target material. Atomic or molecular beam is 
based on atomic particles or molecular particles of 
reactive gases, and is effectively used for providing a 
low nergy beam for low damage fabrication. 45 

Next, some example of fabricating an arrayed struc- 
ture by the microfabrication method will be demon- 
strated with reference to FIGS. 12A-12C through FIG. 
14. 

FIG. 12A shows a basic approach of the method, so 
Rod-shaped shielding members 80 (for example, width 
ranging from one of 0.1-10 nm, 10-100 nm and 100 nm 
So 10 jim) are placed on the surface of a target object 1 1 
(substrate base) to shield from an energy beam B 
directed from above. There is no need for holding 55 
devices for the shielding members 80, and it is sufficient 
to just position them in a suitable pattern. By choosing 
the type of energy beam B appropriately, the target 
object 1 1 is etched as illustrated in FIG. 12B to form an 



arrayed structure comprising a series of parallel line 
protrusions 81. 

Suitable energy beam for this type of application is 
a fast atomic beam comprising uncharged particles hav- 
ing a good directional property. For the target object 1 1 , 
Si, GaAs have been used, but other semiconductor 
materials, insulators such as glass, quartz, and metals 
may also be processed. The shielding member 80 may 
be made by electrolytic polishing of one of tungsten, 
gold, silver, platinum and nickel into a fine-wire form (of 
about 50 \im diameter). The shielding members 80 may 
be held in place in a suitable manner on the substrate 
base. 

In place of the material-removal process by etching 
as presented so far, it is possible to perform material- 
addition process, such as forming of a deposition film as 
illustrated in FIG. 12C, by selecting the beam type and 
the energy level suitably. Using an energy level in a 
range of several to hundreds of eV, and gaseous 
sources such as methane for carbon together with an 
aluminum- or titanium-containing gas, insulative or con- 
ductive film can be deposited on the beam-radiated 
areas, thereby duplicating the arrangement pattern 
made by the shielding members 80. 

The examples shown in FIGS. 13A and 13B relate 
to microfabrication by fast atomic beam 93 radiating a 
target object 91 coated with a photoresist film 92. 

In the past, ion or electron beam has been used for 
fabrication, however, because of the loss of linearity of 
the charged particle beam due to interference by electri- 
cal charges, or charge accumulation in the case of insu- 
lating material, it has been difficult to perform fabrication 
in the range of nanometers. Other fabrication tech- 
niques, such as reactive gas-assisted, ion beam or 
electron beam fabrication, involving the reaction of acti- 
vated gas particles with the surface material, were also 
inadequate. In these techniques, the reactive gas parti- 
cles are isotropic in their etching behavior, and direc- 
tional etching was difficult, and high precision 
microfabrication could not be performed. In any case, 
none of the existing technique is sufficiently adaptable 
to microfabricate local areas as well as a large area. 

Because the conventional photolithographic tech- 
nique is incapable of producing fine patterns in the 
nanometer range, the fine patterns on the photoresist 
film 92 on the surface of the target object 91 in these 
examples are produced by the technique of nano-lithog- 
raphy using SEM (Scanning Transmission Electron 
Microscope) or STM (Scanning Tunneling Microscope) 
or with the use of electron-beam holography. The target 
object 91 is made of a semiconductor material such as 
Si, Si0 2 or GaAs having pre-fabricated patterns of the 
photoresist film 92. 

To microfabricate the target object 91 having a pat- 
terned photoresist film 92. a FAB 93 of a relatively large 
diameter is radiated to the surface as illustrated in FIG. 
13A. The FAB 93 is generated from an argon gas FAB 
source 97, described in USP 5,216,241 for example, 
and comprises a discharge space formed by two (or 
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three) flat-plate type electrodes 95, 96 contained in a 
housing 94, and introducing argon gas in the discharge 
space. The argon FAB source 97 produces an argon 
plasma in the discharge space by impressing a high 
voltage between both electrodes 95 and 96. The ionized 5 
gas particles are attracted to the negative electrode 96, 
where they collide with the gas molecules and combine 
with electrons to transform into fast atomic particles. 
The neutral particles are discharged from the discharge 
port in the negative electrode to provide a neutral fast 10 
particle beam. The relative position of the FAB source 
97 and the target object 91 may be fixed or moved in a 
plane parallel to the target object 91 to produce a two- 
dimensional pattern on the fabrication surface. In this 
example, the position is shown to be fixed for conven- T 5 
ience. Also, in the actual fabrication process, argon gas 
(Ar) is replaced with a gas having a Ngh reactivity on 
the target object 91 . 

Because the FAB 93 emitted from the FAB source 
97 is an electrically neutral beam, it is not affected by 20 
charge accumulation or electrical or magnetic field, and 
exhibits a superior linearity. Therefore, the FAB 93 can 
be made to penetrate straight into ultra-fine holes or 
grooves, thereby enabling to fabricate even the bottom 
surfaces of deep grooves having a high aspect ratio. In 2s 
the case of the embodiment illustrated, the width of the 
patterns fabricated on the photoresist film 92 ranged 
between 0.1-100 nm. The fabricated depth d. indicated 
in FIG. 13B, depends on the aspect ratio, but the preci- 
sion in fabricating the depth d ranged between 0.1-100 30 
nm. 

The results show that, unlike the problematic tech- 
niques of microfabrication based on an ion or electron 
beam, an advantage of microfabrication based on an 
electrically neutral FAB beam is that the superior linear- 35 
ity of the FAB is fully utilized to produce fine-structures 
having a high aspect ratio, because a neutral FAB is not 
suscepttole to local or irregular changes in electrical 
potential which affect the behavior of the ion or electron 
beam. Another advantage is that, unlike the ion or elec- 40 
tron beam, the neutral FAB does not adversely affect 
the properties of a target semiconductor or insulator 
material, therefore, the applicability of the technique is 
not limited by the nature of the target material. 

FIG. 14 is another embodiment of the present 45 
invention in which an ultra-fine beam, in a range of 
0.1~100 nm diameter from a FAB source 97, is radiated 
onto the fabrication surface of a target object 91 while 
moving the target object 91 relative to the source 97 so 
as to fabricate an ultra-fine three-dimensional pattern so 
on the fabrication surface. In this case, the beam diam- 
eter is adjusted to produce an ultra-fine beam by dis- 
posing a beam aperture control device 98 between the 
FAB source 97 and the target object 91. The beam 
aperture control device 98 is provided with two or more ss 
shield plates 98 having ultra-fine pin holes 98a, and the 
linearity of the beam is enhanced by passing the beam 
through at least two pin holes 98a. The ultra-fine pin 
holes 98a are produced by removing atoms from the 



shield plate 98 while observing the images under a 
scanning tunnelling microscope (STM), for example. 
The FAB emitted from the FAB source 97 is constricted 
with the beam aperture control device 98 to a required 
beam diameter, and is intensely focused on a target fab- 
rication spot. 

To produce a relative motion of the target object 91 
with respect to the FAB source 97, the target object 91 , 
in this case, is placed on a micro-manipulator stage 
which permits rotation/parallel movement (not shown) 
according to some pattern. In the case of target object 
91 having the shape shown in Figure 14, the FAB is 
always radiated in the negative direction along the 2- 
axJs during the fabrication process. The channel 104 
extending from an edge towards the middle of the target 
object 91 , seen in the front face of the target object 91, 
is produced by orienting face A of target object 91 per- 
pendicular to the 2-axis and moving the target object 91 
in the negative direction along a plane parallel to the X- 
axis. When the channel 104 is extended to the middle of 
the target object 91. the target object 91 is moved in the 
negative direction parallel to the Y-axis to produce the 
channel 1 05 which extend to another edge of the target 
object 91. After thus completing the fabrication of two 
orthogonally intersecting channels 104 and 105, the tar- 
get object 91 is rotated 90 degrees about the X-axis to 
so that face B of target object 91 is oriented perpendic- 
ular to the 2-axis. Next the target object 91 is moved in 
the negative direction parallel to the Y-axis to produce a 
channel 106 which extends towards the middle of the 
target object 91 . When the channel 106 is extended to 
the middle of the target object 91, the target object 91 is 
moved in the negative direction parallel to the X-axis to 
produce a channel 107 which extends to another edge 
of the target object 91, thus producing another two 
orthogonally intersecting channels 106 and 107. 

Accordingly, by moving the micro-manipulator to 
provide rotation combined with linear moving motions in 
a pre-programmed pattern, a three-dimensional pattern 
is fabricated on multiple surfaces of the target object 91 . 
As in the cases of fabrications by electron beams or 
focused ion beams, the three-dimensional fabrication 
technique presented above does not require any reac- 
tive gas to be directed to the fabrication surface, there- 
fore, superior uniformity and precision of fabrication can 
be achieved. When the target object 91 is Si. a FAB 
comprised of gaseous particles such as CI2. pr SF 6 or 
CF 4 may be used. When the target object 91 is GaAs. a 
FAB comprised of chlorine gas may be used. 

In any of the methods presented above, the target 
object material is not limited to those used for semicon- 
ductor production such as Si. Si0 2 or GaAs. and ceram- 
ics, glass, resins and polymers can be fabricated 
equally effectively. In these materials also, fine patterns 
can be produced with high precision, because there is 
no danger of accumulating electrical charges or degra- 
dation in linearity of the beam caused by the electrical 
charges. The target object material may also be a func- 
tionary gradient material comprising at least two com- 
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p* -ents of metals, semiconductors and insulator in 
Vr ous composite forms. The combination may be any 
oi metals and semiconductors, metals and insulators, 
semiconductors and insulators, and metals and semi- 
conductors and insulators. In these materials also, fine s 
patterns can be produced over a large area without 
being affected by charge accumulation and loss of line- 
arity. 

As explained above, according to the method of the 
present invention, ultra-fine fabrication is possible with a 10 
precision range of 0.1 to 10 nm, or 10 to 100 nm, either 
by radiating a fast atomic beam onto a target object hav- 
ing a fine-patterned photoresist film, or by radiating a 
fast atomic beam having an ultra-fine beam diameter 
onto the target object while rotating and/or translating is 
the target object according to some pattern. In contrast 
to fabrication by ion or electron beam (which is suscep- 
tible to local or irregular changes in electrical potential 
which may exist on the fabrication surface, as well as 
having a problem of degraded linearity of the beam 20 
itself), fast atomic beam, which is an electrically neutral 
particle beam, is not affected by charge accumulation or 
by electrical/magnetic field, and is able to produce 
superior fabrication by maintaining linearity of the beam 
during the fabrication process. As a result of the supe- 2s 
rior linearity of the beam, the fast atomic beam is able to 
be radiated straight into ultra-fine grooves and holes to 
enable ultra-fine fabrication over a large area of fabrica- 
tion surface. Further, in contrast to ion or electron beam 
which is unsuitable to large-area fabrication, the method 30 
is applicable to semiconductors, insulators, or any other 
types of materials over a large area, without adversely 
affecting their electrical properties. The method is fur- 
the aoplicable to precision fabrication of an urtra-fine 
thrr -dimensional pattern by radiating an ultra-fine 35 
bei. :r» of fast atomic particles onto the fabrication sur- 
face and providing a relative movement between the tar- 
get object and the beam source according to the 
pattern. 

Although certain preferred embodiments of the 40 
present invention has been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 

It should be noted that the objects and advantages 45 
of the invention may be attained by means of any com- 
patible combination(s) particularly pointed out in the 
items of the following summary of the invention and the 
appended claims. 

so 

SUMMARY OF INVENTION 

! 1. An ultra-fine microfabrication method using an 
energy beam comprising the steps of: 

55 

dispersing and positioning micro-particles, hav- 
, ing a specific range of particle sizes, for shield- 
ing regions of a fabrication surface of a target 
object from exposure to an energy beam; and 



radiating said energy beam on said fabrication 
surface so as to produce a fine-structure by an 
etching action of said energy beam on those 
regions of said fabrication surface which are 
not shielded. 

2. A method wherein said fabrication surface is 
etched in a depth direction by said energy beam 
while diameters of said micro-particles are being 
shrunk by progressive etching by said energy beam 
so as to produce a cone-shaped fine-structure on 
said fabrication surface. 

3. A method wherein said micro-particles are 
attached to said fabrication surface by immersing 
said target object in a solution containing a disper- 
sion of said micro-particles, having a specific range 
of particle sizes, in a solvent; 

removing a wetted target object from said solu- 
tion; and 

removing said solvent from said fabrication sur- 
face of said target object by evaporation. 

4. A method wherein said micro-particles are 
attached to said fabrication surface by dripping a 
solution containing a dispersion of said micro-parti- 
cles, having a specific range of particle sizes, in a 
solvent; and 

removing said solvent from said fabrication sur- 
face of said target object by evaporation. 

5. A method wherein said specific range of particles 
sizes is one of a range of 0.1-10 nm; a range of 10- 
100 nm; and a range of 100 nm to 10 Jim. 

6. A method wherein said particles having a range 
of 0.1-10 nm is one of ferrite particles, zinc parti- 
cles, cobalt particles and diamond particles, and 
said parades having a range of 100 nm to 10 nm is 
one of aluminum particles, graphite particles, gold 
particles, and silver particles. 

7. A method wherein said dispersing and position- 
ing are performed by applying at least one of a 
magnetic field, an electrical field and a laser beam 
on said micro-particles so that said partides are 
positioned to form a desired fabrication pattern. 

8. A method wherein said target object is a lll-V 
group semiconductor compound including at least 
one of GaAs, InAs, AIGaAs and InGaAs. 

9. A method wherein said target object is a semi- 
conductor material including at least one of Si and 
Si0 2 . 

10. A method wherein a fabricated target object 
comprises a device having a quantum effect. 

1 1 . A method wherein said method includes a step 
of exposing said target object to gas particles reac- 
tive to said target object while controlling a temper- 
ature of said target object to control a chemical 



19 



EP 0 731 490 A2 



20 



reaction of said target object so as to produce an 
isotropically fabricated fine-structure. 

12. A method wherein said energy beam is one of a 
fast atomic beam, an ion beam, an electron beam, 

a radiation beam, and an atomic or molecular 5 
beam. 

13. A method for evaluating a fabrication perform- 
ance of an energy beam for use in producing a fine- 
structure on a target object, comprising the steps 

of: * 10 

attaching micro-particles having a specific 
range of particle sizes on a fabrication surface 
. of a target object; 
radiating said energy beam on said fabrication 15 
surface for a certain period of time for produc- 
ing said fine-structure; and 
evaluating the fabrication performance of the 
energy beam by analyzing structural features 
of said fine-structure. 20 

14. A method wherein said specific range of parti- 
cles sizes is one of a range of 0.1-10 nm; a range of 
10-100 nm; and a range of 100 nm to 10 \im. 

15. A method wherein said specific range of parti- 25 
cles sizes is 0.1-10 nm for ferrite, zinc, cobalt and 
diamond particles, and is 100 nm to 10 \im for alu- 
minum, graphite, gold, and silver particles. 

16. A method wherein said micro-particles are 
attached to said fabrication surface by immersing 30 
said target object in a solution containing a disper- 
sion of said micro-particles, having a specific range 

of particle sizes, in a solvent; 

removing a wetted target object from said solu- 35 
tion; and 

removing said solvent from said fabrication sur- 
face by evaporation. 

17. A method wherein said micro-particles are 40 
attached to said fabrication surface by dripping a 
solution containing a dispersion of said micro-parti- 
cles, having a specific range of particle sizes, in a 
solvent; and 

45 

removing said solvent from said fabrication sur- 
face by evaporation. 

18. A method wherein said energy beam is one of a 
fast atomic beam, an ion beam, an electron beam, so 
a radiation beam and a molecular beam, and said 
structural features includes shaping and depth 
forming, and said micro-particles are approximately 
spherical. 

19. A method of fabrication by radiating an energy 55 
beam generated from an energy beam source on a 
fabrication surface of a target object, comprising 

the steps of: 



preparing a shielding member; 
positioning said shielding member so as to 
form a shield pattern on said fabrication sur- 
face; and 

radiating said energy beam on said fabrication 
surface so as to produce a fine-structure by an 
action of said energy beam on those regions of 
said fabrication surface which are not shielded. 

20. A method of ultra-fine microfabrication by radi- 
ating a fast atomic beam on a target object having a 
fabrication surface coated with a photoresist film so 
as to fabricate a pattern having a width of 0.1 to 1 00 
nm, or radiating a fast atomic beam of an ultra-fine 
beam diameter on said fabrication surface while 
subjecting said target object to at least one of a 
rotation and a linear movement so as to fabricate a 
pattern having a width of 0.1 to 1 00 nm. 

21. A method wherein said target object is made of 
an insulative material including one of ceramic, 
glass, resin and polymer. 

22. A method wherein said target object is made of 
a functionally gradient material including at least 
two components of metals, semiconductors and 
insulators. 

Claims 

1. An ultra-fine microfabrication method using an 
energy beam comprising the steps of: 

dispersing and positioning micro-particles, hav- 
ing a specific range of particle sizes, for shield- 
ing regions of a fabrication surface of a target 
object from exposure to an energy beam; and 
radiating said energy beam on said fabrication 
surface so as to produce a fine-structure by an 
etching action of said energy beam on those 
regions of said fabrication surface which are 
not shielded. 

2. A method as claimed in claim 1 , wherein said fabri- 
cation surface is etched in a depth direction by said 
energy beam while diameters of said micro-parti- 
cles are being shrunk by progressive etching by 
said energy beam so as to produce a cone-shaped 
fine-structure on said fabrication surface. 

3. A method as claimed in claim 1, wherein said 
micro-particles are attached to said fabrication sur- 
face by immersing said target object in a solution 
containing a dispersion of said micro-particles, hav- 
ing a specific range of particle sizes, in a solvent; 

removing a wetted target object from said solu- 
tion; and 

removing said solvent from said fabrication sur- 
face of said target object by evaporation. 



21 



EP 0 731 490 A2 



22 



4. A method as claimed in claim 1, wherein said 
micro-particles are attached to said fabrication sur- 
face by dripping a solution containing a dispersion 
of said micro-particles, having a specific range of 
particle sizes, in a solvent; and s 

removing said solvent from said fabrication sur- 
face of said target object by evaporation, 
wherein prelerably said specific range of parti- 
cles sizes is one of a range of 0.1-10 nm; a 10 
range of 10-100 nm; and a range of 100 nm to 
10 tim, wherein preferably said particles having 
a range of 0.1-10 nm is one of ferrlte particles, 
zinc particles, cobalt particles and diamond 
particles, and said particles having a range of is 
100 nm to 10 pm is one of aluminum particles, 
graphite particles, gold particles, and silver par- 
ticles, wherein preferably said dispersing and 
positioning are performed by applying at least 
one of a magnetic field, an electrical field and a 20 
laser beam on said micro-particles so that said 
particles are positioned to form a desired fabri- 
cation pattern , and wherein preferably said tar- 
get object is a lll-V group semiconductor 
compound including at least one of GaAs, 2s 
InAs. AIGaAs and In 



nm to 10 \im, wherein preferably said specific range 
of particles sizes is 0.1-10 nm for ferrite, zinc, cobalt 
and diamond particles, and is 100 nm to 10 \im for 
aluminum, graphite, gold, and silver particles, 
wherein preferably said micro-particles are 
attached to said fabrication surface by immersing 
said target object in a solution containing a disper- 
sion of said micro-particles, having a specific range 
of particle sizes, in a solvent; 

removing a wetted target object from said solu- 
tion; and 

removing said solvent from said fabrication sur- 
face by evaporation, wherein preferably said 
micro-particles are attached to said fabrication 
surface by dripping a solution containing a dis- 
persion of said micro-particles, having a spe- 
cific range of particle sizes, in a solvent; and 
removing said solvent from said fabrication sur- 
face by evaporation, and wherein preferably 
said energy beam is one of a fast atomic beam, 
an ion beam, an electron beam, a radiation 
beam and a molecular beam, and said struc- 
tural features includes shaping and depth form- 
ing, and said micro-particles are approximately 
spherical. 



5. A method as claimed in claim 1 . wherein said target 
object is a semiconductor material including at least 
one of Si and Si0 2l wherein preferably a fabricated 30 
target object comprises a device having a quantum 
effect, wherein preferably said method includes a 
step of exposing said target object to gas particles, 
reactive to said target object while controlling a 
temperature of said target object to control a chem- 35 
ical reaction of said target object so as to produce 

an isotropically fabricated fine-structure , and 
wherein preferably said energy beam is one of a 
fast atomic beam, an ion beam, an electron beam, 
a radiation beam, and an atomic or molecular 40 
beam. 

6. A method for evaluating a fabrication performance 
of an energy beam for use in producing a fine-struc- 
ture on a target object, comprising the steps of: 45 

attaching micro-particles having a specific 
range of particle sizes on a fabrication surface 
of a target object; 

radiating said energy beam on said fabrication so 
surface for a certain period of time for produc- 
ing said fine-structure; and 
evaluating the fabrication performance of the 
energy beam by analyzing structural features 
of said fine-structure. 55 

7. A method as claimed in claim 6, wherein said spe- 
cific range of particles sizes is one of a range of 0.1- 
10 nm; a range of 10-100 nm; and a range of 100 



8. A method of fabrication by radiating an energy 
beam generated from an energy beam source on a 
fabrication surface of a target object, comprising 
the steps of: 

preparing a shielding member; 
positioning said shielding member so as to 
form a shield pattern on said fabrication sur- 
face; and 

radiating said energy beam on said fabrication 
surface so as to produce a fine-structure by an 
action of said energy beam on those regions of 
said fabrication surface which are not shielded. 

9. A method of ultra-fine microfabrication by radiating 
a fast atomic beam on a target object having a fab- 
rication surface coated with a photoresist film so as 
to fabricate a pattern having a width of 0.1 to 100 
nm, or radiating a fast atomic beam of an ultra-fine 
beam diameter on said fabrication surface while 
subjecting said target object to at least one of a 
rotation and a linear movement so as to fabricate a 
pattern having a width of 0.1 to 100 nm. 

1 0. A method as claimed in claim 9, wherein said target 
object is made of an insulative material including 
one of ceramic, glass, resin and polymer /LE> 
wherein preferably said target object is made of a 
functionally gradient material including at least two 
components of metals, semiconductors and 
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